. We obtained STM images with a Nanoscope II (Digital Instruments) using Pt-lr tips. For all samples, the tunneling current was 0.5 nA and the applied bias was 200 mV with the tip positive. The scan rate was (10) (11) (12) .
For most soils, rates of net C accumulation are greatest during early stages of soil development on freshly exposed substrates. Studies from diverse climatic and geologic settings (1, 6) show that the rate of this accumulation in mineral soils diminishes after hundreds to thousands of years. Following the example of earlier models of soil organic C (7, 8, 13) , we used a reservoir model that incorporates a zero-order input of C and a first-order rate of loss: dC =I-kC dt (1) where C is the mineral soil C mass per unit area of land surface, I is the rate of input, and k is the first-order rate constant for loss. The solution to this equation is: C = I/k x (1-e-kt) = Ce(1-e-kt) (2) where Ce is the equilibrium C inventory for the mineral soil. We used data from representative soil chronosequences (Fig. 3) to fit this equation (14) . Chronosequence data were not available for Mollisols, so we used data for Brunisols instead because the C contents in these two mature soils are similar (15, 16 first-order decomposition of other soil types. The two rates encompass a reasonable range of spatial and temporal variation.
For each soil type i, we calculated the total amount of C sequestration at time t with the equation: C, (t) = Y Ai(to) x CQ(t -to) (3) Co=o where Al(to) is the incremental soil area that originated at time to and C1(t -to) is the modeled C content of soil at age (tto). For most soil types, Ai(to) was estimated from the times of ice retreat from land that is now covered by soil type i (Fig. 2) .
However, in many peat sections the basal layer postdates local ice retreat by 2000 to 4000 years, and in some cases peat began forming after drainage of large glacial lakes (10, 18) . We used basal dates for the peat lands (18, 19, 21) to calculate the timing of postglacial C sequestration by peats. We assumed that each peat land began to form at its oldest basal date and that the peat expanded at a constant rate to its modern mapped area until its youngest basal date (Fig. 1) . The sums of Eq. 3 were determined for 100-year increments from 18,000 years ago (18 ka) to the present (Fig. 4 and Table 1 ).
There are many assumptions and simplifications in our approach. First, we assumed that recent climatic and environmental influences on modern soils are analogous to factors that influenced soils soon after local ice retreat. A more accurate treatment of this problem would account for ecosystem successions along ice margins, local fluctuations in water tables, and changes in temperature and rainfall. These factors are not well known, but their effects greatly complicate the interpretation of soil chronosequence data. Second, the chronosequence data are from well-drained soils, which typically store and generate less organic C than do soils in other settings (22) . Third, we modeled soil C as a single homogeneous pool for each soil type. However, soil C is a heterogeneous mixture that includes both labile soil C (such as roots, litter, and soluble organics) and generally more abundant refractory components (such as claybound compounds with slow rates of replacement or turnover) (7, 8, 23) . We restricted our study to the mineral soil horizons only. The relative contributions of labile and refractory C are uncertain, and few chronosequence data are available for several soil types. We did not separately consider soils over permafrost (24) and those in active erosional and depositional landscapes because of the paucity of data and maps. However, these areas are likely significant sites of C accumulation (20, 25) . Most of the above assumptions probably lead to underestimates in our inventories and sequestration rates.
Several of these problems are illustrated by a comparison of calculations based on two different Spodosol chronosequences (Fig. 4 and Table 1 ). Older chronosequences (26) tend to exhibit low rates of C turnover, most likely because they contain high proportions of refractory C. Young chronosequences (27) probably include high proportions of labile organic matter, which imply more rapid turnover and response of sequestration rates to land-exposure rates. To examine the effect of turnover on sequestration we compared the deglaciation model using two different Spodosols. One used an older chronosequence from Michigan that has low inputs of C and the other used a young chronosequence Year ago (ka) Fig. 2 . Area of individual soil types exposed by ice retreat over the past 18,000 years, calculated from digitized maps shown in Fig. 1 from southeast Alaska that has high inputs. Both chronosequences have equilibrium C contents (Ce) that are comparable to an average of those in Spodosols of northern latitudes (15) . The conspicuous differences in sequestration (Fig. 4) emphasize both the large uncertainties in our calculations and the need for a better understanding of soil C dynamics on local to regional scales.
To test the overall simulation, we compared (Table 1 ) our integrated totals of soil C with independent modern inventories in the deglaciated region. Although the uncertainties are large, the range of totals calculated from our model compares favorably with the ranges of independent inventories. On the basis of the data in Fig. 5 , we estimate that 0.005 to 0.015 Gt of C per year was sequestered in the area of the Laurentide Ice Sheet during the Middle Holocene and that 0.015 to 0.035 Gt of C per year was sequestered during preindustrial times.
Extrapolation of these calculations to all deglaciated regions would require the additional assumption that deglaciation of the Laurentide Ice Sheet is representative. If Laurentide ages, distributions, and accumulation rates were similar to those in the remaining 80% of deglaciated land (28) Flg. 4 . Sensitivity of C sequestration to decomposition dynamics. Rates of C sequestration are from model rates of exposure of Spodosols (Fig. 2) and rates of organic-matter accumulation as determined in two contrasting soil-chronosequence studies at Glacier Bay, Alaska (27) , and Michigan (26), respectively. Raw data are in Fig. 3 and model coefficients are in Table 1 . Rapid turnover rates (low values of 4) determined for Glacier Bay enable close coupling of C sequestration with exposure of land. When turnover rates are low, as in Michigan, C accumulation lags behind land exposure.
plex than simply a readjustment of ecosystems to a change in climate. However, one must consider the predominance of peats in current soil C sequestration and global inventories of peats. From these measures, it appears that natural postglacial soil C sequestration cannot account for the terrestrial sink of 2 to 5 Gt per year of C that is required to balance the modem annual anthropogenic CO2 budget (3, 31) .
Our results indicate that peats have dominated soil C sequestration since the Late Holocene, although they occupy only 12% of the land area. Although ice retreat was most rapid between 12 and 8 ka (Fig.  2) , soil C sequestration increased most rapidly between 8 and 4 ka because of the time Table 1 . For the lower estimate we used rates of 10 g-2 year-1 of C for peats and the chronosequence of (26) for Spodosols. For the upper estimate we used rates of 30 g-2 year-' of C for peats and the chronosequence of (27) for Spodosols.
lag between ice retreat and peat formation (Fig. 5) . The rapid increase in sequestration generally coincided with the end of the rapid increase in atmospheric CO2 after deglaciation, as recorded in ice cores (32) . The deglacial CO2 increase likely resulted from interactions between the climate system and the marine C cycle (33 (9) (10) (11) (12) (13) and Mesozoic (14) magmatism. Limited data from mantle xenoliths and alkalic lavas also suggest the presence of an enriched mantle component as far west as the central Sierra Nevada [ Fig. 1 (15, 16) 
